Background: This study aims to determine the changes in plasma melatonin levels of rats performing acute swimming exercise, immediately following the exercise and after 24 and 48 hours. Methods: The study included 40 Spraque Dawley species adult male rats divided in to 4 groups as follows: group 1: general control group, group 2: swimming group A, the animales were decapitated after performing 30-minute acute swimming exercise, group 3: sSwimming group B, the animals were decapitated 24 hours after performing 30-minute acute swimming exercise and group 4: swimming group C, the animals were decapitated 48 hours after performing 30-minute acute swimming exercise. Blood samples were collected from all experimental animals by decapitation method and plasma melatonin levels were determined according to RIA method. Results: The comparison of plasma melatonin levels among groups revealed that group 3 had the highest plasma melatonin levels (p<0.01). The levels in group 1 (control) and group 4 were not different. The lowest plasma melatonin levels were found in group 2 (p<0.01).
There is increasing evidence showing that melatonin can have acute and long-term effects on physical activity and exercise can have acute and long-term effects on melatonin secretion (1) (2) (3) . In a study investigating the effect of nocturnal exercise on melatonin in rats, the animals were divided into two groups. Group 1 swam in the dark at 00.30 a.m., whereas group 2 was subjected to light for 15 and 30 minutes at the same hour. The concerned study demonstrated that the melatonin content of the pineal gland rapidly decreased in swimming exercise. However, it was noted that activities of N-acetyltransferase (NAT), an important enzyme in melatonin synthesis, did not change. On the contrary, it was seen that melatonin levels in both the pineal gland and plasma decreased in rats which were subjected to light (4) . However, in a study including 7 voluntary male subjects, three separate blood samples collected within the 30 seconds, 15 minutes and 30 minutes following exercise showed that there was no signifi cant change in melatonin synthesis after the exercise (5) .
A study was conducted in 74 male children 6-7 years of age, with the aim to evaluate the effect of physical activity on cortisol, melatonin and IL-6 secretion in children. 41 children from a public school and 33 children from a football school were chosen and were asked to perform 3 different physical activities. Saliva samples were taken before and after the physical activity to evaluate the performance of the subjects and to determine cortisol, melatonin and IL-6 concentrations. Children from the sports school performed better than those in the general group, however no difference was found between groups in terms of biochemical parameters before and after the exercise. Cortisol, melatonin and IL-6 levels were found to increase after physical activity in both groups (6) .
When the results of the studies referred to above are evaluated together, it can be stated that there is no agreement in the literature about how exercise affects melatonin secretion. The aim of the present study is to determine the changes in plasma melatonin levels in rats submitted to acute swimming exercise immediately after the exercise and after 24 and 48 hours. The results of our study can make a contribution to what is known on this topic.
Methods

Animal material and groups
This study was conducted on rats provided by Selcuk University Experimental Medicine Research and Application Center (SUDAM). In the study including 40 adult male rats of Spraque Dawley species, the groups were formed as follows:
Group 1 (n=10) General Control Group: The group not subjected to any procedure and on a normal diet.
Group 2 (n=10) Swimming Group A: The group on a normal diet and decapitated immediately after performing a 30-minute acute swimming exercise. Group 3 (n=10) Swimming Group B: The group on a normal diet and decapitated 24 hours after performing a 30-minute acute swimming exercise.
Group 4 (n=10) Swimming Group C: The group on a normal diet and decapitated 48 hours after performing a 30-minute acute swimming exercise.
Swimming exercise
The exercise was performed in a swimming pool, made of heat-resistant glass, 50 cm high and with a thermostat that kept the water temperature fi xed at 37 °C. The exercise was a one-time (30-minute) swimming exercise. The experimental animals were submitted to exercise in pairs at the end of the study and before decapitation. The rats in Group 1 (normal control group) were not submitted to exercise. Blood samples were collected from all the animals by decapitation immediately following the exercise, and 24 and 48 hours after the exercise.
Determination of plasma melatonin
Plasma melatonin levels were determined in S.U. Meram Medical School Hospital, Central Biochemistry Laboratory using melatonin kit (Melatonin 1-25 RIA DDV BIOCHEMIE GmbH D 35037 Marburg Schwanelle 44) according to radioimmunoassay (RIA) method as pg/ml.
Statistical evaluations
Minitab for Windows Release 13.0 package software was used in the statistical evaluation of fi ndings. Arithmetic means and standard errors of all parameters were calculated. Variance analysis was employed to identify differences between groups. Level of signifi cance was set at p<0.01.
Results
Plasma melatonin levels in the general control group (Group 1), which was not subjected to any procedure, were the same as those in group 4, higher than those in group 2 and lower than those in group 3 (p<0.01) (Tab. 1). Group 2 (the group decapitated just after the swimming exercise) had lower plasma melatonin levels than groups 1, 3 and 4 (p<0.01) (Tab. 1). Group 3 (the group decapitated 24 hours after the swimming exercise) had higher plasma melatonin levels than groups 1, 2 and 4 (p<0.01) (Tab. 1). Plasma melatonin levels in group 4 (the group decapitated 48 hours after the swimming exercise) were the same as those in group 1, higher than those in group 2 and lower than those in group 3 (p<0.01) (Tab. 1).
Discussion
It was observed in our study that plasma melatonin levels in the blood samples collected from the experimental animals immediately after 30-minute acute swimming exercise were significantly lower when compared to those in the control group. There is an increasing evidence pointing out that exercise can have both acute and long-term effects on melatonin secretion (1). However, results of the studies exploring the relation between melatonin and exercise are inconsistent. It was reported that physical activity did not cause any change in melatonin levels of female athletes. 7 However, in a study carried out on children, Perez Navero et al (6) showed that physical activity signifi cantly increased melatonin levels. Similarly, Carr et al (8) reported a signifi cant increase in plasma melatonin levels of females after exercise. The results of the mentioned studies are inconsistent with the decreased plasma melatonin levels we observed at the end of acute swimming exercise. In a study including 7 healthy males, nocturnal physical activity was shown to result in a signifi cant reduction in plasma melatonin levels (9) . This fi nding is noteworthy, as melatonin secretion increases at night (10) . The fact that despite this increase, nocturnal physical activity signifi cantly inhibited plasma melatonin levels at the time when the levels were the highest (9) is an impressive example of the relation between exercise and melatonin. The fi nding reported by Monteleone et al (9) to the effect that nocturnal physical exercise led to a signifi cant decrease in melatonin levels is an important one supporting our fi nding of decreased melatonin levels immediately after exercise. However, the most remarkable fi nding with which we can directly compare ours was put forth in the study carried out by Yaga et al (4). Yaga et al (4) demonstrated that swimming exercise caused a dramatic decrease in the melatonin content of the pineal gland in Spraque Dawley species rats. The results of this study are consistent with the decreased plasma melatonin levels we found in the experimental animals immediately after acute swimming exercise.
The highest plasma melatonin levels in the present study were obtained 24 hours after the acute swimming exercise. It was reported that exercise could lead to acute changes (within minutes) in melatonin levels and could also cause changes in the rhythmic secretion of melatonin for 12-24 hours after an acute exercise. The acute effects of exercise on melatonin levels depend on the type, intensity and duration of exercise (11). Bullen et al (12) reported that exercise signifi cantly increased plasma melatonin levels in 7 young women attending an 8-week aerobic course. It was claimed in a study including healthy adult men that melatonin levels that increased just after physical activity were restored to resting levels one hour after the exercise (13) . The results of these studies are contradictory with ours. We found in our study that plasma melatonin levels that fell down immediately following the acute swimming exercise signifi cantly increased after 24 hours. As Buxton et al (11) suggest the major factor determining the exercise-dependent changes in melatonin levels is the type, intensity and duration of exercise. The inconsistency between the reports, results of which were quoted above, and our study may have resulted from such differences in exercise. Skrinar et al (14) reported that effort exercise could lead to a decrease, not an increase, in melatonin levels. These fi ndings of the said researchers partly support our results, as we also found decreased plasma melatonin levels immediately following the exercise. However, we also found increased plasma melatonin levels 24 hours after the exercise. Monteleone et al (15) noted that plasma melatonin levels could increase for 5 hours after physical activity. This fi nding of theirs may be considered consistent with the increased plasma melatonin levels we obtained 24 hours after the exercise. In our study, the plasma melatonin levels we observed 48 hours after acute swimming exercise were not different than those in the control group. This result indicates that changes in melatonin levels after acute swimming exercise are restored to resting values after 48 hours. Several researchers reported that the stress caused by physical activity brought about changes in melatonin secretion (1, 9, (11) (12) (13) (14) (15) . Although there is an agreement that exercise results in changes in melatonin levels, there are contradictory results concerning the direction of these changes.
The results of our study demonstrate that plasma melatonin levels that fall down immediately after acute swimming exercise increase signifi cantly after 24 hours and are restored to resting levels after 48 hours. The fi ndings presented in this study can contribute to what is known on this topic. Depending on the fi ndings of our study> 1) Acute swimming exercise leads to an inhibition of plasma melatonin levels in rats.
2) Plasma melatonin levels that decrease immediately after acute swimming exercise signifi cantly increase after 24 hours.
3) Plasma melatonin levels are restored to resting levels 48 hours after acute swimming exercise.
It can be stated in conclusion that exercise leads to signifi cant changes in plasma melatonin levels and that there is a signifi cant relation between pineal gland and exercise.
